Context. A peculiar atmospheric feature was observed in the equatorial zone (EZ) of Jupiter between September and December 2012 in ground-based and Hubble Space Telescope (HST) images. This feature consisted of two low albedo Y-shaped cloud structures (Y1 and Y2) oriented along the equator and centred on it (latitude 0.5
Introduction 1
The equatorial region of Jupiter is dominated by an intense and 2 broad eastward jet about 30
• wide in latitude (from ∼15 Rossby wave activity, which is probably because of much greater 21 wavenumbers and lower phase speeds than those in the north 22 (García-Melendo et al. 2011; Simon-Miller et al. 2012) . The cen-23 tral part of the equatorial jet has a minimum velocity of about 60 24 to 80 m s −1 at 0 • latitude and a parabolic shape between the north 25 and south jets. Globally, Jupiter's equatorial jet can be seen as a 26 symmetric double jet with maximum velocities of ∼150 m s −1 at 27 the peaks and a central minimum with a velocity of −70 m s −1
28
(westward) relative to the two jet peaks. This structure of the jet 29 was proposed to be the result of a mixture of meridional mo-30 tions related to Hadley cells and a Kelvin wave (Yamazaki et al. 31 2005) .
32
The dark projections with base at 6
• N extend towards the 33 equator and form curved elongated features according to the 34 meridional shear of the zonal wind. Occasionally they converge 35 around latitude 0
• with similar but less contrasted thin pro-36 jections from the south, forming the equatorial band, a slim 37 dark belt in the middle of the EZ (Rogers 1995) . High reso-38 lution images taken by spacecraft show a complex cloud mor-39 phology field and turbulent patterns in the middle of the EZ 40 (García-Melendo et al. 2011) . In addition, different types of short 41 and large scale or planetary waves have been detected both in 42 the thermal field and in the cloud field in the EZ. Gravity waves 43 at cloud level travelling in the westward direction with wave-44 lengths of about 300 km have been reported by different studies 45 Finally, in Sect. 5, we present numerical simulations of the for- atmophere (Matsuno 1966; Gill 1980) . Mendikoa et al. 2012; Sánchez-Lavega et al. 2014; Ordóñez-64 Etxeberria et al. 2014) .
To complete the analysis of the phenomenon, we also used 66 some images from the HST's public archive obtained with the 67 Wide Field Planetary Camera 3 (WFC3). The spatial resolution 68 of these images is a factor of 10 higher (0.04 /pixel) for the lat-69 itudes covered, which translates into about 150 km/pixel. The 70 images we used were taken on September 20th at two wave-71 lengths, in the red (Filter F763M, central wavelength ∼763 nm) 72 and in the ultraviolet (Filter F275W at 275 nm), and are listed in 73 Table 2 . These images were used to analyse the feature at high 74 resolution and to measure the wind profile at two altitude levels: 75 ammonia cloud (near infrared, 763 nm) and the haze layer above 76 it (UV, 275 nm). shapes do not persist in time (Rogers 1995) . In the last quar- 
100
• System III longitude.
13
We used LAIA software (Cano 1998) to analyse the mor- HST and IOPW images. The feature does not stand out in the 24 890 nm methane absorption band (IOPW), where only a dark 25 patch is observed. In the UV at 255 nm (HST) there is no sign 26 of it at all. The methane and UV wavelengths are sensitive to the 27 upper equatorial haze, and they show an inverse relative contrast 28 at these two wavelengths. High features are bright in methane 29 and dark in the UV. The fact that the Y is not bright (but dark) 30 in methane and not visible in UV indicates that it is a relatively 31 low altitude feature relative to the upper haze.
32
As has been mentioned, we tracked Y1 and Y2 features 33 during more than three months (September to December 2012) 34 retrieving their motions in latitude and longitude as shown in 35 Fig. 3 . Figure 3a shows that Y1 and Y2 followed a nearly 36 perfect linear drift, which means a very stable and constant 37 zonal velocity for both features: 99.4 ± 0.1 m s −1 for Y1 and 38 101.4 ± 0.6 m s −1 for Y2, both moving with a velocity above 39 the average velocity measured for the area as we discuss later. 40 Figure 3b shows that Y1 and Y2 vertices remained at a fixed 41 latitude, centred at 1
• N and 0.5 • N, respectively.
42
In October and November we detected bright features (white 43 spots) near the vertices of Y1 and Y2. As illustrated in Fig. 4 , the 44 first eruption (named St1) appeared on October 31st on the west 45 side of the Y1 vertex and since then there were many successive 46 high albedo features at the Y1 and Y2 vertices. It is difficult to 47 establish a lifetime for these bright phenomena, but it is of the 48 order of two to four days (Fig. 5) . Tracking the motion of these 49 bright spots shows differences and coincidences with those of 50 the Y features themselves. The first white spot had a velocity 51 of 80 m s −1 , moved slower than the Y1 feature, and migrated 52 in latitude out of the equator (Fig. 5b) . The other spots had the 53 same velocity as the corresponding Y without any significant 54 meridional drift; they moved all together suggesting that they 55 were dynamically related features (Fig. 5) .
56
We were able to measure the size of these spots (north-south 57 and east-west limits) and its evolution (Fig. 6 ). For one of these 58 spots (St1) we detected that its area grew rapidly in a matter of 59 four days (Fig. 6) , suggesting that this could be due to horizontal 60 expansion of the spot's cloud tops. Horizontal divergence of the 61 velocity field is given by implies that
and assuming that the vertical updraft take place along a dis-5 tance h, we obtain
where A H1 and A H2 are the initial and final areas of the bright (with an error of 25%). This value is a factor 10 lower than those 12 measured in rapidly expanding storms in Jupiter's major distur-13 bances (Sánchez-Lavega & Gómez 1996; Sánchez-Lavega et al. 14 2008) and lower than those predicted by moist convective mod-15 els (Hueso & Sánchez-Lavega 2001) . It, therefore, seems that 16 another mechanism, related to the Y-like feature and not so vig-17 orous as convection, could produce the up-drafts. 
Speed of the Y features relative to the zonal wind 19
We have compared the motion of the Y features with that of 20 the average zonal wind in the equatorial region. The merid-21 ional profile of the zonal wind was measured with two proce-22 dures. On the one hand, we used a two-dimensional automatic 23 brightness correlation technique (Hueso et al. 2009 ) based on an 24
J. Legarreta et al.: An isolated and active Kelvin wave in Jupiter's equator In Fig. 7a , we present three zonal wind profiles for the equa- 
Therefore, any dynamically non-coherent feature would be de- is due to vertical shear of the wind across a scale height (H = 37 20 km), and taking a mean velocity difference between these 38 two levels ∆u ∼ 14 m s −1 we obtain
giving a characteristic time for a feature being destroyed by the 40 shear in ∼0.4 h. The Y's long lifetime and survival against wind 41 shears means that they are coherent stable features.
42
Related to its vertical structure, Fig. 8 shows a particular ob-43 servation in which one of the Y features is apparently moving 44 above the clouds detected at red wavelengths, suggesting that 45 it is located above the ammonia cloud tops but without reach-46 ing the upper haze sensed at UV. Accordingly, the dark clouds 47 forming the Y structure might be located somewhere between 48 the lower ammonia cloud and the upper ultraviolet absorbing 49 hazes.
50

Shallow water simulations on Jupiter's equator
51
The Y1 and Y2 features kept their coherence for weeks in a wind 52 sheared region, where they were confined in latitude and mov-53 ing faster than their surrounding clouds. The above properties 54 favour the interpretation of the Y phenomenon as a wave. To test 55 this hypothesis, we performed non-linear shallow water (SW) 56 simulations of Jupiter's equatorial atmosphere. These SW mod-57 els, although physically simple, capture some of the most im-58 portant dynamical properties of the atmosphere. These models 59 have been successfully used in many situations for the giant 60 planets (Vasavada & Showman 2005) and represent a frame to 61 interpret wave dynamics of Earth's equatorial atmosphere, as in 62 the case of the Matsuno-Gill model (Matsuno 1966; Gill 1980) . 63 We run one-and two-layer simulations, as described in García-64 Melendo & Sánchez-Lavega 2016). The one-layer SW model is 65 the simplest representation, which allows us direct control over 66 the response of the Jovian atmosphere to a disturbance, thereby 67 avoiding long computing times. Two-layer SW models are, on 68 the other hand, the simplest approach to a stratified atmosphere; 69 
where subscripts 1 and 2 refer to the upper and lower layer, re-11 spectively, the system is dynamically equivalent to a one-layer 12 system with equivalent gravity g = gρ , and equivalent depth
Our simulation domain consisted in a flat-bottomed (García- Fig. 2 , which we switched on and off in the one layer case; 20 in the two-layer version, zonal winds were always on. We dis-21 turbed the system with a Gaussian-shaped elevation η on the free 22 surface centred at the equator (ϕ = 0
• ). To avoid saturating the 23 system with gravity waves, the perturbation was introduced by 24 slowly increasing its amplitude, and extinguishing it to zero fol-25 lowing an exponential law. Perturbation's amplitude, extension, 26 and time during which it is active determine its intensity and 27 the system's response. We established that reasonable forcing 28 parameters were short lifetimes of between 10 and 15 days, in-29 cluding initial exponential amplitude increase and decay times; 30 small maximum amplitudes of between 1 and 5 m; a Gaussian 31 shape σ parameter for the free surface elevation of 1
• and a max-32 imum radial perturbation extension of 1.5
• .
33 Table 3 . Range of parameters for single-layer SW numerical experiments, including a perturbation as described in the main text with a 15-day lifetime.
1000 3-200  150  500  3-200  106  200  3-100  67  100  3-5  47  50  3-5  33  20  3-5  21  10  1-2  15  5 1-2 11
Notes. The third column gives expected phase velocity c K for a barotropic Kelvin wave travelling on the layer surface.
The single-layer SW results
1
For the one-layer case, Table 3 shows the range of the simu-2 lated parameters. When zonal winds are off (we assume that the 3 atmosphere is at rest), the disturbance generates a typical pat-4 tern that we identify as formed by a pair of Rossby -Kelvin 5 waves, such as those observed in Earth's equatorial atmosphere 6 for nearly symmetric excitation (Matsuno 1966; Gill 1980) , as 7 shown in Fig. 9 (panel A) . We obtain a Rossby wave and a 
The two-layer SW results
13
In the two-layer baroclinic mode, the theoretical Kelvin wave Rossby-Kelvin pair similar to the one-layer case, but now the 22 pair is confined to a narrower equatorial region and expands zon-23 ally with a more complex shape. In Fig. 10 the Kelvin wave has 24 a positive phase velocity propagating eastward with a total phase 25 velocity of ∼82 m s −1 . By subtracting the background zonal ve-26 locity at the equator, where zonal speed is ∼75 m s −1 , the sim-27 ulated phase speed is ∼7 m s −1 , which is close to the theoreti-28 cal value of ∼5 m s −1 . The meridional excursion of this equa-29 torially trapped wave is consistent with a theoretical value of 30
The Rossby wave has a negative 31 (westward) phase velocity given by
where n is the wave mode (n = 1, 2,...). Both Rossby (n = 1) and 33 Kelvin waves are similar to those obtained by many authors for 34 the terrestrial equatorial ocean in response to heat and wind forc-35 ing (Philander & Pacanowski 1984) , where the tropical thermo-36 cline acts as a waveguide for planetary-scale equatorially trapped 37 waves.
38
The best outcomes resulted for thin upper layer thicknesses 39 h over high H values and low density contrast. Our two-layer 40 SW model simulations generate, in the baroclinic mode, a sta-41 ble perturbation resembling the Y-like feature for more than 42 two months, which mimics the observed Y morphology. Results 43 suggest that the feature formed in a very thin layer. The com-44 mon edge of the Rossby and Kelvin waves must move approx-45 imately at the same speed for the Y feature to be coherent. For 46 the particular simulation in Fig. 9 , the drift rate in longitude of 47 the common point for the Rossby and Kelvin waves is about 48 −5.0
• /day (∼75 m s −1 ), which is somewhat slower than the ob-49 served −6.9
• /day ( 100 m s −1 ) value (Fig. 3) .
50
In both, one-layer and two-layer models, a pattern of short-51 wavelength Rossby waves is excited in the peak of the jet stream 52 at 7
• S, which resembles the pattern observed at this latitude; this 53 was reported in previous works such as García-Melendo et al. 54 (2011) . The 7
• S jet violates the Rayleigh-Kuo barotropic insta-55 bility criteria and is highly unstable under any small perturba-56 tion, resulting in an independent phenomenon from the Rossby-57 Kelvin equatorial wave pair. 
Discussions and conclusions
59
We have observed and characterized a peculiar cloud structure 60 in the equator of Jupiter, which we call the Y features. Two 61 of them were simultaneously present between September and 62 December 2012 and developed occasionally short-lived bright 63 spots at the vertex of the Y structure. The properties of these fea-64 tures suggest they are a manifestation of an equatorially trapped 65 Rossby-Kelvin wave. Simulations of the disturbed surface ele-66 vation in one-and two-layer shallow water models under Jovian 67 conditions are able to reproduce the main characteristics of the 68 
25
The area expansion, rapid evolution, and high albedo of these we can speculate that the updrafts could be due to the ascending 31 motions in the internal branch of the Rossby wave.
32
Future observations of Jupiter's equator will serve to char- 
